THIS panel was developed to quantify natural killer (NK) cell subsets in Rhesus macaques (Macaca mulatta) during SIVmac239 infection induced pathogenesis. It includes markers to monitor changes in the activation/proliferation phenotype of up to 12 NK cell populations. The performance of the staining was tested on cryopreserved lymph node samples, and on fresh and cryopreserved peripheral blood mononuclear cells (PBMC) isolated from EDTA anti-coagulated blood. The panel can be used to characterize NK cells in a range of normal and pathologic conditions of this species and can be easily adapted to stain samples from various tissues.
PURPOSE AND APPROPRIATE SAMPLE TYPES
THIS panel was developed to quantify natural killer (NK) cell subsets in Rhesus macaques (Macaca mulatta) during SIVmac239 infection induced pathogenesis. It includes markers to monitor changes in the activation/proliferation phenotype of up to 12 NK cell populations. The performance of the staining was tested on cryopreserved lymph node samples, and on fresh and cryopreserved peripheral blood mononuclear cells (PBMC) isolated from EDTA anti-coagulated blood. The panel can be used to characterize NK cells in a range of normal and pathologic conditions of this species and can be easily adapted to stain samples from various tissues.
BACKGROUND
NK cells are cytotoxic effector cells of the innate immune system. They are triggered by combined signals of activating and inhibitory receptors. In humans, NK cells are typically defined by the expression of CD56 (neural cell adhesion molecule-NCAM) and CD16 (Fcc receptor IIIa) antigens with cells positive for both markers representing the overwhelming majority of the population. A subset of human NK cells express CD8 antigen. In the blood of healthy Rhesus macaques, CD16 and CD56 are co-expressed primarily by monocytes. The majority (>85%) of circulating NK cells are CD16 single positive. CD56 single positive, CD16/CD56 double positive, or double negative cells only represent a small fraction of the cells. In macaques, the total population of NK cells is defined by the expression of CD8aa chain and NKG2A/C antigens on CD3 negative lymphocytes (Fig. 1a) (1,2) . The population can be further divided according to the expression of killer cell Ig-like (KIR) receptors. Currently, up to four NK cell populations can be delineated by two well-characterized KIRs-KIR3DL01 and KIR3DL05-in an individual animal (Fig.  1b) (3, 4) . Each subpopulation can be further divided into CD161, CD561, and CD16-CD562 subsets, altogether up to 12 subsets. Chronic simian immunodeficiency virus (SIV) infection induces a significant increase of the absolute number of NK cells and a major shift in the NK cell subset distribution (5) . The change in the subset composition can be characterized by a pronounced increase of the CD16/ CD56 double negative population. The CD56 single positive population always remains below 5%. The three subpopulations possess different NKp46 (an NK cell stimulatory protein) expression profile (Fig. 1c) , which shows animal-to-animal variation and may change depending on the stage of SIV-infection (5, 6) .
Activated/proliferating NK cells can express CD69, human leukocyte antigen-DR (HLA-DR), PD-1, and Ki-67 antigens to various extents (Fig. 1d) . The combination of these markers defines 16 phenotypically distinct subsets probably representing Figure 1 . Gating strategy for OMIP-028. Ficoll-purified PBMC of a healthy Rhesus macaque was stained with the NK cell proliferation/activation panel as detailed in the Supporting Information. A: With the initial sequential gating, we excluded doublets and larger cell aggregates (singlets defined by forward scatter area and height), dead cells (Amine reactive dye2), T cells (CD32), B cells (CD202), and monocytes (CD142) within the lymphocyte (CD451) gate. CD81 and NKG2A/C1 were used to delineate the total NK cell population. B: Four subsets were identified according to the expression of KIR3DL01 and KIR3DL05 receptors within the NK cell population. All four subsets were further divided into CD161, CD561, and CD162CD562 (DN) populations. C: The expression pattern of stimulatory receptor/ differentiation marker NKp46 was compared between the three NK cell populations using histograms. D: We defined the activation/proliferation marker positive cell subsets within all CD161, CD561, and CD162CD562 NK cell populations. E: Further subsets as defined by the combined expression pattern of the four activation markers were quantified by Boolean gating and displayed in a bar graph. Only subsets above 0.6% of the parent population, containing at least 10 events are displayed. Subsets within the CD561 populations did not reach this cutoff level. In healthy animals, the differentiation state of circulating NK cells was characterized by three phenotypes regardless of KIR3DL or CD16 expression. To assure that all four activation markers were informative we stained samples from a limited number of SIVmac 239 -infected animals. We found a more diversified NK cell population in these samples; therefore, we decided to monitor the emergence of the novel populations using all four markers (Supporting Information Fig. 8 ).
different stages of maturation (Fig. 1e) . With the present staining panel, we wanted to provide a tool to follow SIV infection-induced changes of NK cell subpopulations at a more refined level than previously described.
We had to work around two major limitations: scarcity of cross-reactive antibodies recognizing certain Rhesus macaque antigens, and limited number of reagents binding macaque KIR receptors. Mamu-KIR3DL01 is recognized only by the PE and APC conjugated version of monoclonal antibody NKVFS1. KIR3DL05 binds to a select number of Mamu-A1*00201 MHC-I allele restricted SIVmac239 epitope tetramers. Amongst these reagents the gag GY9 tetramer provided the best separation of the positive subsets (4). The GY9 tetramer is produced in BV421, PE, or APC conjugated forms by the NIH Tetramer Core Facility, all of which yield excellent staining. In Rhesus samples, the single available cross-reacting antibody-clone Z199-binds to both the activating NKG2C and the inhibitory NKG2A receptor (7) . It can only be obtained in PE, PE-Cy7, and APC conjugated forms. Both APC and PE-Cy7 labeled versions provided excellent results. Of the two monoclonal antibody clones against the proliferation marker Ki-67 (B56 and Ki-67), only the Alexa Fluor 647 form of clone B56 yielded interpretable data. Finally, our only option of a cross-specific antibody for NKp46-clone BAB281-is available in PE, PECy5, and PE-Cy7 conjugates. Our anchor reagents therefore became KIR3DL05 (GY9) BV421, KIR3DL01 PE, NKp46 PECy5, NKG2A/C PECy7, and Ki-67 Alexa Fluor 647.
There are multiple choices for cross-reacting antibody clones against the CD8a chain. Since this protein is expressed abundantly on the cell surface, we selected a conjugate-the BV510 labeled SK1 clone-with good separation and least concern for broadening into other channels. In Rhesus macaques, the most frequently used clone against CD16 is the 3G8. It is available in 20 different fluorochrome-labeled versions from which we tested the V500, Pacific Blue, PE, PerCP-Cy5.5, and the BV711 varieties. All of the tested antibodies presented a clear separation between positive and negative populations. Since the Pacific Blue channel was reserved for KIR3DL05 BV421, the PE for KIR3DL01 PE and the PerCPCY5.5 channel for NKp46 PECy5, we chose the BV711 conjugate. Tissue resident NK cell populations contain larger proportions of CD56 positive subsets than the circulating population (5) . Whether this distribution shifts during acute or chronic infection remains to be determined. We tested three clones of CD56-specific antibodies conjugated either to FITC (clone B159), Vio-Bright FITC (clone AF12-7H3), PE-Cy7 (clone NCAM16.2), or Alexa Fluor 700 (clone B159). Although the PE-Cy7-labeled NCAM16.2 clone possessed the best stain index we chose the FITC labeled clone B159 for the final panel based on prioritization of detector blue A for NKG2A/C PE-Cy7 (Supporting Information Fig. 3) .
Recently increased PD-1 expression on NK cells was implicated in better HIV-1 control (8) . Therefore, we were interested to see whether similar correlation could be observed in SIVinfected Rhesus macaques. The sole cross-reactive PD-1-specific clone EH12.2H7 is available in more than ten fluorochromeconjugated versions including six Brilliant Violet dye-conjugated forms. Since this antigen is not abundant on the cell surface it was an ideal candidate for the BV605 conjugate. This fluorochrome has a second emission peak at 650 so there is a 
